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EFFECTS OF INFORMATION PROCESSING REQUIREMENTS ON REACTION TIME OF THE EYE

Christine L. Nelson, Robert M. London and Gordon H. Robinson

The University of Wisconsin
Madison, Wisconsin

ABSTRACT

.:xmis experiment measurcd eye reaction time as a function of presence or absence
of a central control task, type of command, and knowledge of target direction prior to
command. It was found that eye reaction time was greater when a sukject was involved
in a central tracking task than when he was not; it was greater when the command was
symbolic than when it was spatial; and it was longer when the target direction was un-
known prior to command. Thesa variables also interacted, so that the effect of unknown
target direction was greater with a svmholic command.

Results of this experiment also showed that subjects sometimes used an initial

compensatory pattern of eye-head movements.

There were large inter-subject differ-

ences, but use of compensation gcnerally increased with complexity of centrally
located information which required processing.

It thus appecars that reaction time of the cye responds to information processing
variables in a manner similar to other motor response systems.

INTRODUCTION

Classic research on the reaction time
of the eye has shown that it usually takes
about 180-230 msec from the tine eof a com-
mand to refixate until the eye begins to
move toward the target (Diefendorf and
Dodge, 1%08; Westheimer, 1954; Bartz,
1962). These studies, however, have gen-
erally used a simple paradigm or a small
number of highly oracticed subjects. It
is possible that the reaction times ob-
tained are limited to the experimental
contexts and may not be found in more
complex situations.

Carlew, Dell'Osso, Troost, Daroff and
Birkett (1975) vresented ten naive sub-
jects with a disjunctive task (response
to either a step or pulse-step target
motion to either the right or left). Eye
reaction times varied widely betwcen sub-
jects, with an overall mean of about 255
msec. They attributed their higher eye
latency values to us» of a paradigm
which did not allow for predictive re-
sponses. Increascd uncertainty led to
increased reaction times. Bertera, Cal-
lan, Parsons and Pishkin (17?75) obtatned
simple eye reaction times of about 250
msec in responsc to an auditory stimulus.
With a choice reaction time task, eye
reaction times increasoed to abcut 290
msec. They also found a lett-right sig-

. nal-response compatibility effzact tor eye
reaction times, with a resovonsa to the
side opposite the incoming auvditory sign-
nal taking lonyger than a responsce to the
same side. 7The magnitude of the compat-
ibility clfect was comparable to that
obtained with manual responses Lo the
same stimuli.

Several experiments at the Univer-
sity of Wisconsin have ucsed a paradigm
in which the command to refixate is given
while subjects are engaged in a central
tracking task. Robinscn and Subelman
(1975) obtained an overall mean eye reac-
tion time of 634 msec, accompmanied Ly an
increase in inter-subject variebility when
compared with th: results of more tradi-
ticnal refixation experiments without a
central control task. They also observed
that subjects sometimes used what they
called an initial compoensatory pattern
of eye-head movements. In rthe compensa-
tory pattern, the head begine tc move
toward the target while the eye remains
fixated on the central task, thus moving
negatively with respect to the head, for
a brief period before initiating a sac-
cade toward tho target. This pattern is
in contrast to the classic mode in wiich
the eve begins to move toward the target
first, followed apbout 50 msec later by
the head. (Sc¢e London, Bice and Robinson,
1978, for a comprehensive review of the
compensatory pattern of eye-head move-
ments.)

Robinson and Bond (1975) also used
the interruption of a tracking taskx to
look at eye reaction time. They reported
an overall eye reaction time of 502 msecc.
They also found that eywe reaction time
(ty) increased with target angle. The
entire effect of target angle, however,
was accounted for by the longer tg in
the coapensatory pattern. When looking
at te tor movements in the classical pat-
tern only, eye reaction tiac was on the
order of 430 m=scc.  ‘thus the substantial
increase in t, whon subjects are oncagad
in a cuentral control task can be aterib-
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uted in part to usc of the compensatory
mode. But even when considering only
classic eye-head movements, there is a
considerable increasc in reaction time
over the oft quoted 200 mscc.

It scems likely that reaction time
of the eyc does not differ qualitatively
from other motor response times and should
be affected in a similar manner by a vari-
ety of factors. This experiment was de-
signed to measurc the cffects of informa-
tion processing variables on eye reaction
time (tg), specifically: 1) presence of
a competing central tracking task, 2) geo-
metric vs symbolic command signal, and
3) prior knowledge of target direction
(left-right).

METHOD

Subjects

The subjects were eight male Univer-
sity of Wisconsin students with 20-20 un-
corrected vision. Each was paid for his
participation.

Apparatus

The subject was seated in front of a
monitor at eye-level 90 cm away. The pur-
suit control task was displayed on the
monitor via closed circuit TV. Three RCA
numitron digital tubes were attached to
the lower part of the TV screen. The cen-
ter tube was used to display the instruc-
tion and symbolic command signals for the
side-target task. The tubes to the right
and to the left of center were used for
the geometric command signals. At eye
level 90 degrees to the right and left of
center, also at a distance of 90 cm from
the subject, were additional numitron
tubes which served as the side targets.

The tracking task display consisted
of a dot moving randomly (0 - .10 Hz band-
width) in a vertical direction as a com-
mand input and a vertically moving circle
as system output. The subject's input
was made throu,.: a joystick which could
be moved forward or back. The relation
between the subject's input and system
output was sccond order, with an acceler-
ation gain of .192cm/scc2/degrec.

A button was centered on the joystick
to measurc the subject's reaction time for
the side-target task. Uhen the subject
pushed the button, his reaction time was
recorded and the target display was ex-
tinguished.

Horizontal eye movements of the sub-
ject were mecasured with a Biometrics
SGIlV-2 eye monitor which utilizes photo-
cells to detect changes in reflected

infrared light. llcad movements were mea-
sured by a potcntiometer attached to a
bicycle helmet which was suspended by a
counterbalanced articulated arm.

Design

There werce four independent varia-
bles in this experiment, each with two
levels:

1. Tracking/no tracking (T,T): On
one half of the trials subjects
were engaged in a central track-
ing task; on one half of the
trials they had no central task
to perform.

2. Command type: On one half of
the trials the command for the
side-target task was geometric
(G) (a bar appearing either to
the right or to the left of cen-
ter to indicate direction of the
side target). On the other half
of the trials, the command was
symbolic (S) (either a "5" or a
"6" on the center tube to indi-
cate direction).

3. Known/unknown (K,K): On one
half of the trials the subject
was instructed as to the target
direction prior to time of com-
mand; on the other half he had
no directioral instructiouns un-
til the command was given.

4. Left/right: On one half of the
trials the target was to the
left, and on the other half it
was to the right.

The first two independent variables
were blocked, with subjects receiving
blocks of trials with symbolic and with
spatial commands within tracking and no-
tracking blocks. Order of presentation
of the blocked variables was counterbal-
anced between subjects. The known/unkiaown
and left/right variables were randomized
within cach of the four trial blocks.
Each trial block consisted of 24 trials,
six ot each combination of the known/un-
known and left/right variables, and each
subject rececived four blocks of trials,
for a total of 96 experimental trials.

The dependent variables in this
experiment werce:

l. tg: time from command until the
eyc begins to move in the direc-
tion of the target;

2. th: time from command until the
head begins to move in the direc-
tion of the target;
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3. percent compensatory cye-head
movements.

Procedure

Subjects were seated and the eye and
head monitors were adjusted. The chair
was positioned so that displays were at
the subject's eye level at a distance of
90 cm. Subjects were then given instruc-
tions for the first block of trials, fol-
lowed by ten practice trials. Prior to
the tracking block of trials, subjccts
were allowed five minutes to practice
the tracking task.

The side-target trial structure was
as follows: The center numitron tube
went on, displaying either a "5" (upcom-
ing trial to the left), a "6" (next trial
to the right), or a "0" (trial side un-
known). This instruction remained on for
five seconds, then went off. After a
random interval (1-3 seconds), the command
signal was prescentea. ror symwolic trial
blocks, the command signal was either a
"5" (left) or a "6" (right). For geomet-
ric trial blocks, the command signal was
a vertical bar appearing either to the
left (left target) or to the right (right
target) of center. As soon as the com-
mand signal occurred, the subject was to
look as quickly as possible to the target

‘at 90 degrees to the side indicated by
the command. As soon as he recognized
the digit displayed on the target, he
pushed the reaction-time button on the
joystick, which extinguished the display,
then returned to center to await the next
trial. The target digit was reported to
the experimenter via an intercom. Target
reaction time and correctness of identi-
fication were measured to assure subject
compliance with the instructed task.

They were not dependent variables of
interest to this study. During trial
blocks when the subject was performing a
tracking task in addition to the sida-
target task, the subject was instructed
to perform the side-target task as quick-
ly as possible while keeping the moving
dot inside the circle.

After each set of experimental trials,
the subject was given a short break, fol-
lowed by instructions, practice trials
and the next block of experimental trials.
After completion of the final block, the
subject was debriefed and paid.

RESULTS AND DISCUSSION

Eye Recaction Time

Eye reaction times (t,) by experimen-
tal condition arc shown in Figure 1.
Since a t-test showed no significant dif-
ferenaes between left and right trials,

results reported arce collapsed over the
left/right variable. Over all conditions,
the mecan time from command until the eye
began to move in the direction of the tar-
get was 479 msec, ranging from 362 msec
in the no-tracking-geometric-known con-
dition to 628 msec in the tracking-sym-
bolic-unknown condition. An analysis of
variance showed significant main effects
for all three independent variables. As
shown in Table 1, te was greater while

table 1. Eye Reaction Time, msec.
Tracking Command Direction
it T G S K K

535 422 428 530 446 512

the subject was engaged in a tracking
task than when he was not (F(1,49) =

F3s 2l P sUD); Lo wWas gludatel witi a
symbolic command than with a spatial
command (F(1,49) = 58.18, p < .05); and
te was greater when the target direction
was unknown prior to time of command
(F(1,49) = 24.34, p < .05). In adéition,
there was a significant interaction be-
tween the known/unknown and command var-
iables (F(1,49) = 5.87, p < .03), with
the effect of unknown target direction
greater with a symbolic command than with
a geometric command (see Figure 2).

Head Reaction Time

Head reaction times (tp), as shown
in Figure 1, followed the same patterns
as eye reaction times, but averaged 518
msec, about 39 msec longer than tg.

Eye reaction times obtained are con-
siderably longer than those traditionally
reported in the literature, while the
differences between te and tp are some-
what less than the normally found 30
msec. This can be attributed in part to
the use of compensatory eye-head move-
ments. In the compensatory mode, the
head begins to move toward the target
before the eye, as shown in Figure 3, so
that tj is actually smaller than tg.

Compensation

Subjccts used a compensatory pat-
tern of eyc-head movements in 19% of all
trials. Percent compensatory trials by
experimental condition arc shown in Fig-
ure 4. An analysis of variance showed
subjects used significantly more compen=
satory movements in the tracking trials
(28%) than in the no-tracking trials
(10%). Subjects also uscd more compon=
sation with a symbolic command (23%)




than with a geometric command (15%).
Differences in amount of compensation
between the known and unknown conditions
were not significant, nor were overall
differences between left and right.

The analysis of variance showed a
significanl intcraction between the
tracking and command type variables.
Subjects used a significantly higher per-
cent compensation for a symbolic command
only in the no-tracking condition. In
the absence of a tracking task, the sym-
bolic command may prescnt enough informa-
tion to be processed to inducec compensa-
tion while the geometric command does not.
When subjects are tracking, the greater
amount of compensation used masks any of
the smaller differences between command
types. Prior to this experiment, initial
compensation had been observed only when
subjects were cngaged in a central con-
trol task. It now appcars that compen-
sation is more likely to occur when there
is some central information to be pro-
cessed at the time of a refixation com-
mand. As the complexity of this central
information increases, so does not only
the percent compensatory movements but
also the number of subjects using com-
pensation (sce Figure 4).

Analysis of percent compensation
showed significant differences between
subjects, as well as interactions between
subjects and other independent variables,
most notably the left/right variable.

Six out of the eight subjects in the
experiment used compensatory movements,
ranging from 2% to 47% over all condi-
tions for these six subjects. Of the sub-
jects using compecnsation, two subjects
compensated exclusively to the right, one
subject compensated primarily to the
right, two compensated mostly to the
left, and one about the same amount to
the left and to the right. The recasons
for these biases to compensate more to
one side are unclear at this writing,

but they do not appear to bhe related to
handedness.

Classical (non-compensatory) trials
had a mean eye reaction time (to) 24 msec
shorter than te over all trials. The
difference between tp and te was 68 msec
in the classical trials compared to 39
mscc over all trials,

CONCLUSTONS

Reaction time for cye movement and
the qualitative relationship between eye
and hcad movement both vary systemati-
cally with common iaformation processing
variables. The cffect of the control
tracking task may be cof particular prac-
tical importance in that. in many $ystems

in which rapid visual scans are important
the operator is, in fact, interrupting a
continuous control task for peripheral
data acquisition.

ACKNOWLEDGMENTS

Support for this rcescarch was pro-
vided by the Enginecering Psychology Pro-
grams, Office of Naval Rescarch, Contract
N00014-75-C-0364.

REFERENCES

Bartz, A. Eye movement latency, duration
and response timc as a function of angu-
lar displacement. Journal of Experimen-
tal Psychology, 1962, 64, 318-324.

Bertera, J.H., Callan, J.R., Parsons, O.A.,
and Pishkin, V. Lateral stimulus-re-
sponse compatibility effects in the
ocular-motor system. Acta Psychologica,
1975, 39.(3), 175-182.

carlow, T., Dell'Osso, L.F., Troost, B.T.,

Daroff, R.B., and Birkett, J.E. Sac-
cadic eye movement latencies in multi-
modal stimuli. Vision Research, 1975,
1S, 1257-1262.

Diefendorf, A.R. and Dodge, R. An exper-
imental study of the ocular reactions
of the insane from photographic records.
Brain, 1908, 31, 451-489. Cited R.S.
Woodworth and H. Schlosberg, Expcrimen-
tal Psychology (New York: Holt), 1969,
Si0i2%

London, R.M., Bice, K.C., and Robinson,
G.H. Eye-head compensatory movements
prior to leaving one display to acquire
another. (to appecar) 1978.

London, R.M. and Robinson, G.H. Periods
of dynamic fixation when searching for
a new display at an uncertain location.
(to appecar) 1978.

Miller, L.K. Eye movement latency as a
function of age, stimulus uncertainty,
and position in the visual field. Per-
ceptual and Motor Skills, 1969, 28,
631-636. Zan

Robinson, G.H. and Bond, J.R. Visual
dynamics when interrupting a control
task to scarch for a peripheral target.
Madison: Dcpt. of Industrial Engincer-
ing, the University of Wisconsin, Tecch-
nical Report TR-75-21, 1975.

Robinson, G.H. and Subelman, H. Visual
search for a periphecral digital display
during a central manual control task.
Madison: Dept. of Industrial Engincer-
ing, the University of Wisconsin, Tech-
nical Report TR-75-6, 1975.

Westheimer, G. Eye movement responses to
a horizontally moving visual stimulus.
Archives of Ophthalmology, 1954, 52,
932-941. =

e e e e




S ——

-~

700 1

__‘,.A
o
il

il

te ond t, msec —
> o
o o
? o

3001

TG K TGK TSK TSK TG6K TG6K TSK TSK
Figure 1. Eyc and head reaction times (t, and tp) over the three experimental condi-
tions: Tracking (T) or no tracking (T), geometric (G) or symbolic (S) command, and
~ known (K) or unknown (K) direction.
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